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Objective: To look at the presentation, treatment and outcome of patients who developed atrioventricular
block after transcatheter closure of a perimembranous ventricular septal defect (PMVSD) with the
Amplatzer PMVSD device.
Setting: Three tertiary referral centres for paediatric cardiology in two countries.
Results: All three patients presented within 10 days of the procedure. All three patients were treated with
intravenous steroids. A permanent pacemaker was inserted in all patients but no pacemaker required
activation after two months.
Conclusion: Complete atrioventricular block occurring in the weeks after device occlusion of a PMVSD
appears to resolve quickly. Continued involvement in multicentre device databases is required to monitor
safety.

T
he Amplatzer perimembranous ventricular septal defect
(PMVSD) occluder (AGA Medical, Golden Valley,
Minnesota, USA) has been shown to be effective in

closing haemodynamically significant PMVSDs.1–5 Potential
complications are related to the proximity of the PMVSD to
the surrounding structures, namely the aortic valve, the
tricuspid valve and the atrioventricular conduction bundle.6

The estimated incidence of complete atrioventricular block
after transcatheter closure is 1–5%.1 7 We report on three
patients who developed complete atrioventricular block after
this procedure, from three separate institutions, and their
respective outcomes.

CASE REPORTS
Case 1
The first patient was an 11-year-old girl weighing 34 kg who
had an elective transcatheter closure of a PMVSD. She had no
other significant medical history of note. She had good energy
levels and did not have any symptoms of left ventricular failure.
Her ECG showed sinus rhythm and did not show any
conduction abnormalities. Transthoracic echocardiogram
showed a 7 mm PMVSD with moderate left ventricular
dilatation. No other structural abnormalities were present.

The PMVSD was closed under general anaesthesia.
Intravenous cefuroxime 30 mg/kg and heparin 100 IU/kg
were given before the procedure was started. The defect
measured 6 mm by colour flow Doppler on the transoeso-
phageal echocardiogram. We calculated the ratio of pulmon-
ary to systemic blood flow (Qp:Qs) to be 1.7:1. The device was
deployed on the first attempt with a 7 French long sheath
(TorqVue delivery system; AGA Medical). No arrhythmias
were observed during the procedure. Device placement was
confirmed by transoesophageal echocardiography and angio-
graphy. The device conformed well and did not appear
oversized. There was a small residual shunt. There was no
significant aortic or tricuspid regurgitation. The fluoroscopy
and procedure times were 20 min and 2 h, respectively. The
postprocedural ECG did not show any conduction abnorm-
alities. The day 2 transthoracic echocardiogram showed that
the device was in an appropriate position with no residual
shunting. She was prescribed aspirin 75 mg/day for six
months and was advised to take the recommended endo-
carditis prophylaxis.8

She presented five days later with syncope, which occurred
during non-strenuous exertion. An initial ECG did not show
any conduction disturbances. The patient subsequently had a
cardiac arrest during transthoracic echocardiography. The
ECG showed P waves with absent ventricular response (fig 1).
Ventricular standstill was seen on echocardiography for a
brief period before cardiorespiratory resuscitation was
started. An output was detected after 3 min and she regained
consciousness. An ECG showed complete atrioventricular
block with a ventricular rate of 40 beats/min. Intravenous
isoproterenol was started initially at 0.03 mg/kg/min and
titrated to keep the heart rate above 80 beats/min. A
temporary pacemaker was inserted the same day and she
was paced at a rate of 90 beats/min. Intravenous dexametha-
sone (1 mg/kg/day) was given for five days followed by
prednisone 1 mg/kg for three weeks. She continued to require
pacing so a permanent pacemaker was inserted two days
later. The pacemaker was periodically activated in the first four
weeks after insertion but was not used thereafter. She remains
asymptomatic and a follow-up ECG is entirely normal.

Case 2
The second patient was a 12-year-old girl weighing 45 kg
who had an elective transcatheter closure of a PMVSD. She
had no pre-existing medical problems. Transthoracic echo-
cardiogram showed a 5 mm PMVSD, 4 mm from the aorta,
with an aneurysm measuring 8 mm at the entrance. An ECG
recorded before the procedure showed normal PR intervals
and QRS complexes. The defect was closed under general
anaesthesia. Intravenous antibiotics and heparin were given
before the procedure was started. The PMVSD was measured
to be 5 mm by transoesophageal echocardiography with
colour flow Doppler. The Qp:Qs was measured to be 1.8:1
with a mean pulmonary pressure of 20 mm Hg. Temporary
first-degree atrioventricular block and left bundle branch
block occurred during manipulation of the long sheath (8
French; AGA Medical). After further discussion, a 10 mm
PMVSD device was inserted with the intention of closing the
entrance to the aneurysm. The right ventricular disk
conformed appropriately but the left ventricular disk was
mushrooming inside the aneurysm after the device was
released (fig 2). There was minimal residual shunting. No
significant aortic or tricuspid regurgitation was seen on
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transoesophageal echocardiography. The fluoroscopy and
procedure times were 22 min and 100 min, respectively.
The ECG reverted to normal sinus rhythm with no bundle
branch block after 3 h.

She presented 10 days after the procedure with non-
exertional syncope. The ECG on admission showed first-
degree heart block with a right bundle branch block
configuration. This then progressed to third-degree heart
block (fig 3) requiring an intravenous isoproterenol infusion.
Treatment with intravenous dexamethasone 1 mg/kg/day
was started. A temporary pacemaker was inserted, followed
by a permanent one, as she continued to require pacing. She
was prescribed naproxen 250 mg orally twice daily for two
weeks on discharge form hospital. The pacemaker was active
in the first two months after insertion. Follow-up ECGs
showed sinus rhythm with a right bundle branch block
configuration.

Case 3
The third patient was a 4-year-old girl weighing 17 kg. She
was asymptomatic and did not have any significant medical
history. Her preprocedural ECG did not show any conduction
abnormalities and showed a normal QRS pattern. The defect
was closed under general anaesthesia. Intravenous antibio-
tics and heparin were given before the procedure was started.
The Qp:Qs at cardiac catheterisation was 1.7:1 and the mean
pulmonary artery pressure measured 21 mm Hg. There was
an aneurysm measuring 7 mm, with two PMVSDs measuring
1 mm and 5 mm. The arteriovenous loop was recreated once,
because of failure of the sheath to pass through the 5 mm
PMVSD. An 8 mm Amplatzer PMVSD occluder was success-
fully deployed. Fluoroscopy showed the left ventricular disk
of the device to be slightly elongated and mushrooming into
the aneurysm. The right ventricular disk conformed nor-
mally. There was a small residual shunt through the device.
No new aortic or tricuspid regurgitation was seen on
transoesophageal echocardiography. The fluoroscopy and
procedure times were 39 min and 60 min, respectively. The
postprocedural ECG showed a right bundle branch block with
a left anterior hemiblock configuration.

The patient presented five days later with an episode of
non-exertional syncope. The heart rate on admission was
28 beats/min. Initial treatment consisted of temporary
pacing, intravenous hydrocortisone for five days, and subse-
quently oral naproxen. She continued to require pacing so a
permanent pacemaker was inserted. Two weeks after inser-
tion, however, it was no longer being activated.

DISCUSSION
Atrioventricular block after device occlusion of a PMVSD is
due to the proximity of the conduction bundle to the inferior
margin of the defect. By definition, a part of the margin of
the PMVSD is the area of fibrous continuity between the
atrioventricular valves that forms the posteroinferior border.
It is in this area that the atrioventricular conduction bundle
emerges from the central fibrous body to become subendo-
cardial and may be prone to damage from a PMVSD

occlusion device.6 With inlet extension, PMVSD devices may
cause tenting of the mitral and tricuspid valves, further
compressing the atrioventricular conduction bundle.6 9

Patients may have atrioventricular block immediately or
after a delay of quite some time after device occlusion of a
PMVSD. This has led us to believe that there may be different
mechanisms of injury to the atrioventricular conduction
bundle. Atrioventricular block occurring immediately after
device occlusion may result directly from mechanical
compression. Atrioventricular block occurring in the weeks
and months after a device occlusion may be due to
inflammation and fibrosis. The device has been shown to
cause a localised inflammatory reaction that can result in
extensive scar tissue and cartilaginous metaplasia of the
surrounding myocardium.10 This histological change in the
tissue that potentially surrounds the conduction bundle may
contribute to late onset atrioventricular block. Device
flattening is another mechanism that may be responsible
for some of the late instances of atrioventricular block. We
looked at the shape and size of the devices after insertion and
at the time of atrioventricular block in all three cases. The shape
and size of any of the devices did not change significantly.

We recommend abandoning the procedure if complete
atrioventricular block occurs on crossing the defect with the
delivery sheath. From the little evidence that we have to date,
oversizing apparently should be avoided. The size of a
PMVSD may be overestimated on echocardiography by as
much as 21%.11 Hence, we should select a device that is
between 0.5–1 mm larger than the PMVSD, as measured on a
transoesophageal echocardiogram. The current Amplatzer
PMVSD occlusion device, however, is available only in 2 mm
increments, which makes device selection more difficult. We
have also noticed that some of the devices are quite stiff and
consequently may exert excessive pressure on the conducting
system. The introduction of softer devices with 1 mm
increments in size would help to deal with some of the
issues relating to complete atrioventricular block after device
occlusion of a PMVSD.

The effectiveness of pretreatment with local steroids has
yet to be determined. As with previous reports, we
recommend the use of initial high-dose intravenous steroids,
followed by oral steroids for a period of three weeks.9

Whether or not to remove the device is a difficult decision,
with patient symptoms, parental preference and institutional
preference all entering the equation. If the atrioventricular
block resolves with steroids, we would recommend leaving
the device in situ. Insertion of a pacemaker will also depend

Figure 1 ECG of patient 1, an 11-year-old girl in sinus rhythm with
subsequent non-conducted P waves with absent ventricular escape
rhythm. The ventricular output recovered after 3 min of resuscitation.

Figure 2 Cine angiogram of patient 2, a 12-year-old girl, after device
occlusion of a perimembranous ventricular septal defect. The device has
a slightly elongated appearance and may have been oversized.
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on institutional preference. Patients who are symptomatic
should have a temporary pacemaker inserted and be
considered for a permanent one. It is not yet clear whether
patients with symptomatic atrioventricular block who revert
to sinus rhythm after steroid treatment would benefit from a
permanent pacemaker.

There is much uncertainty surrounding the incidence,
natural history and treatment of complete atrioventricular
block that occurs after device occlusion of a PMVSD. This
complication may not be preventable. In addition, it may not
be possible to identify patients who have a higher risk of
developing atrioventricular block. In view of this, adequate
consent, outlining our lack of long-term follow up of devices
implanted and the consequences of complete atrioventricular
block, is paramount.
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Figure 3 ECG of patient 2, an 11-
year-old girl, 10 days after insertion of
a perimembranous ventricular septal
defect occluder. ECG initially showed
first-degree heart block with a right
bundle branch block configuration. This
then progressed to third-degree heart
block.
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